atellofemoral disorders are some of the most common problems seen in the orthopaedic surgeon's office, affecting as many as 30% of athletes in some sports. 2 Despite their frequency, these problems can be some of the most challenging and often frustrating to both the patients and the clinicians. Over the past decade, we have made significant advances in this field, including improved imaging and newer and more anatomic surgical techniques. 1 Many terms have been given to these patellofemoral problems-such as "runner's knee," chondromalacia patella, anterior knee pain, and patellofemoral syndrome-none of which accurately describes the underlying pathology. To better define the problem, it is necessary to understand both the anatomy and the biomechanics involved in this enigmatic joint.
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The patella engages and tracks within the trochlea, the distal end of the femur. The hyaline cartilage in most joints is 2 to 3 mm thick. However, the patellar cartilage is 4 to 5 mm thick, accommodating the enormous forces it transmits during daily activity. The biomechanics of the patellofemoral joint are complex; stability of this joint is dictated by its unique shape as well as the bony and surrounding soft tissue restraints. The distal femur forms a track for the patella (the trochlea), which is elevated on its lateral side to help maintain stability and resist lateral translation of the patella. Warren and Marshall described the medial soft tissue restraints as 3 layers. 43 The medial patellofemoral ligament (MPFL) forms part of layer 2, and layers 1 and 2 converge anteriorly to form the medial retinaculum. The MPFL is the primary static restraint to lateral translation of the patella. It provides up to 60% of the force that resists lateral translation of the patella, with the medial patellomeniscal ligament providing up to 20%. 9, 12, 37 The MPFL has received significant attention in the diagnosis of injury as well as its repair and/or reconstruction. The major dynamic stabilizer of the patellofemoral joint is the vastus medialis obliquus, which acts both dynamically and statically as its fascia merges with the fibers of the MPFL, essentially dynamizing this ligament. 37 It is helpful to separate patellar overuse from instability; classic patellofemoral overload is a multifactorial problem.
Overuse Disorders
Overuse injuries of the patellofemoral joint are common with activities that cause repeated knee flexion and extension. As the patella tracks in the trochlea, it tilts and rotates, changing the location and degree of loading. 22 The alignment of the lower limb plays an intricate role in the balance of this joint; small alterations can disrupt the fine balance, resulting in pain and dysfunction. Problems at the foot (pes planus), the leg (tibial torsion), and the hip (femoral anteversion) can all cause lateral patellar compression syndrome. 18 Pain may be seen with activity but may persist after the activity has been stopped. Pain caused by the increased loads often inhibits the quadriceps, which can aggravate the patient's symptoms.
Trauma
Traumatic injuries to the patellofemoral joint can be the result of direct impact or instability, and both can cause damage to the articular cartilage ( Figure 1 ). With direct impact, the damage is usually a crush injury, often central. With traumatic dislocation or subluxation, the injury is usually a shear-type injury, most often seen on the medial facet of the patella or along the lateral trochlea ("relocation injury"). During dislocation or subluxation of the patellofemoral joint, the medial stabilizers (MPFL) are often stretched or torn (Figure 2 ). Although these medial structures can heal, the stretch injury often compromises their integrity, allowing repeated episodes of instability to occur and putting the articular cartilage at increased risk for repeated damage.
Patellar Tendinitis
Patellar tendinitis is the result of chronic overload, usually at the inferior pole of the patella, and is most common with repetitive jumping sports, such as basketball and volleyball. Radiographic results are most often normal, but MRI reveals tendon thickening and changes in tendon signal (Figure 3) . 
Patellar Osteochondritis Dissecans
Osteochondritis dissecans (OCD) is a disease in which the underlying bone and its associated cartilage begin to separate from the adjacent articular surface ( Figure 4 ). OCD is most commonly seen in the knee, and the most common location within the knee is the medial femoral condyle, whereas the least common is the patella. The cause of OCD lesions is not fully understood, although trauma and ischemia have both been implicated. OCD most commonly presents in the second and third decades of life and is more common in men than women. It is often asymptomatic and commonly an incidental fi nding on radiographs.
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Radiographs
Imaging of the patellofemoral joint begins with standard radiographs of the knee, including anteroposterior, lateral, and axial views. The anteroposterior view is the least valuable in evaluating the patellofemoral compartment, but it can demonstrate multipartite patellae as well as gross patella alta or baja.
The height of the patella with respect to the tibia can be assessed on the lateral radiograph, with its implications for patella alta or baja. The ratio of the length of the patellar tendon to the longest diagonal length of the patella (InsallSalvati ratio) is approximately 1.0; discrepancy of more than 20% to 30% is abnormal ( Figure 5 ) . 23 , 24 Grelsamer and Meadows proposed a modifi ed Insall-Salvati ratio in which the length of the patellar articular surface is used instead of the longest length of the patella. 20 Blackburne and Peel used the distance between the inferior margin of the articular surface of the patella and a line drawn through the tibial plateaus as a reference, instead of the length of the patellar tendon. 5 The lateral radiograph can also be used to assess patellar tilt. In a true lateral view such that the posterior medial and lateral femoral condyles precisely overlap, the median ridge of the patella normally projects posterior to the lateral facet of the patella ( Figure 6A ). With increasing degrees of lateral patellar tilt, the median ridge will superimpose on and eventually project anterior to the lateral facet ( Figure 6B and 6C ). 18 , 27 , 32 Murray and colleagues reported a higher sensitivity of detecting patellar malalignment on the lateral radiograph compared with the axial view. The morphology of the trochlea and the degree of trochlear dysplasia may be more accurately depicted on the lateral radiograph than on the axial view. 18, 28 The depth of the trochlea can be measured on the lateral radiograph, with a shallow trochlea being indicative of trochlear dysplasia ( Figure 7 ). Malghem and Maldague showed that trochlear depth less than 5 mm was a risk factor for patellar instability. 28 Dejour et al described an indication of trochlear dysplasia as the appearance of the floor of the trochlea when it crosses the anterior margin of the medial and lateral femoral condyles ("crossing sign") ( Figure 8 ).
11 "Supratrochlear spur" and "double contour" are other signs of trochlear dysplasia that can be seen on a lateral radiograph ( Figure 8) . 10, 42 Patellar subluxation will alter the positions of the articular surfaces on the lateral view, making joint space assessment inaccurate. 25 Figure 10. Axial radiograph of the knee in a 49-year-old woman demonstrating the sulcus angle as well as the congruence angle (CAB), composed of the line bisecting the sulcus angle (BA) and the line connecting the patellar median ridge to the trough of the trochlear sulcus (CA). In this patient, the congruence angle measures greater than +16 degrees, thus the patella is subluxated. Axial radiographs of the patellofemoral joint ("sunrise" views) are useful for demonstrating the general morphology of the patella, including the different Wiberg types based on the lengths of the medial and lateral facets, 45 as well as the size of the patella with respect to the trochlea ( Figure 9 ). 18 Techniques described by Merchant et al 30 and Laurin et al 26 are the 2 most widely used. The sulcus angle, as measured by lines connecting the anterior tips of the femoral condyles with the deepest point of the intercondylar sulcus, can be used to assess for trochlear dysplasia (Figure 10 ). The average sulcus angle in normal knees is 138° to 142°, 6, 30 with a greater angle suggesting dysplasia and risk factor for patellar instability.
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The congruence angle is formed by a line bisecting the sulcus angle and a line drawn from the median ridge of the patella to the deepest point of the intercondylar sulcus (Figure 10 ). 30 The congruence angle measures an average of −6° in normal subjects and is abnormal if it is greater than 16°, indicating patellar subluxation. 30 The lateral patellofemoral angle is formed by a line drawn along the lateral facet of the patella and a line connecting the anterior margins of the medial and lateral femoral condyles on an axial radiograph ( Figure 11) . 26 This angle opens laterally in 97% of normal knees. With patellar subluxation, the lines lay parallel in 60%, and the angle opened medially in the remaining 40%. 26 The lateral patellofemoral angle is a reflection of patellar tilt, and patellar subluxation may be more accurately assessed by Merchant congruence angle. 18 The patellofemoral index is the ratio of the medial and lateral patellofemoral joint spaces on an axial radiograph at 20° of flexion ( Figure 12 ). 26 Relative widening medially is an indication of lateral patellar tilt, and a patellofemoral index greater than 1.6 is considered abnormal. 26 
Computed Tomography
Computed tomography allows tomographic imaging through the patellofemoral joint without overlap of structures as in plain radiographs. On computed tomography, the patellar tilt angle can be measured between a line parallel to the lateral patellar facet and a line parallel to the posterior intercondylar line ( Figure 13) . 39, 40 The tibial tubercle-trochlear groove distance is measured by superimposing images at the level of the tibial tubercle and at the steepest portion of the trochlea (Figure 14) . Distance of 15 to 20 mm is considered significant malalignment. 8 Studies of computed tomography scans with varying degrees of knee flexion concluded that a congruence angle greater than 0° at 10° of knee flexion indicates subluxation. 39, 40 Significant patellar tilt or subluxation by 20° of flexion should be considered malalignment. 18 Scanning with and without contraction of the quadriceps can reveal additional information (Figure 15 ). 21 By playing the computed tomography images as a cine loop, Stanford et al demonstrated lateral displacement of the patella during the terminal 10° to 20° of knee extension in a subgroup of their patients. 41 Cine can demonstrate additional information about patellar tracking compared to individual images. 14 
Radionuclide Scintigraphy
Radionuclide scintigraphy (bone scans) using technetium99m-labeled diphosphonates is a sensitive marker of bone turnover. 3 In patients with anterior knee pain, increased radiotracer uptake can be seen in the patella or femoral trochlea before an abnormality is seen on radiographs ( Figure 16 ). 15 
Sonography
Sonography can evaluate the tendons and ligaments around the patella. 4, 17, 34 In pediatric patients in whom the patella has not completely ossified, sonography may more accurately evaluate patellar positioning than radiography. 29 The trochlear articular cartilage can also be visualized with the knee in flexion (Figure 17) . 36 However, the cartilage of the patella is difficult to evaluate secondary to the overlying bony patella. Nevertheless, the lack of ionizing radiation and the ability to perform a real-time evaluation make sonography a valuable problem-solving tool.
Magnetic Resonance Imaging
Multiplanar capability, lack of ionizing radiation, and superior soft tissue contrast make MRI an effective means by which to evaluate the painful patellofemoral joint. Standardized pulse sequences should include at least 1 series obtained with fat suppression, which "rescales" the contrast range, making bone marrow edema pattern and fluid collections more conspicuous (Figure 18 ). This also highlights the presence of an acute subluxation episode in a patient with chronic instability and helps to disclose areas of reactive bone marrow edema in the setting of patellofemoral osteoarthritis ( Figure 19 ). Standardized cartilage-sensitive pulse sequencing is also recommended. 35 The most commonly utilized cartilage techniques are proton density -weighted fast spin echo sequences, which are obtained with a longer repetition time and a moderate-or intermediate-weighted echo time, the latter of which is approximately 34 milliseconds at 1.5 T and 28 milliseconds at 3 T. These techniques accentuate the inherent magnetization transfer contrast that occurs in fast spin echo sequencing, producing the essential differential contrast between articular cartilage and fl uid ( Figure 20 ) . Additional pulse sequences for assessment of cartilage include volumetric or 3-dimensional sequences, using either traditional fat-suppressed T1-weighted gradient echo or the more recently developed 3-dimensional fast spin echo techniques. 7 , 13 , 35 , 38 Figure 21. Sagittal fat-saturated T2-weighted sequences (TR = 5867 milliseconds, TE = 41 milliseconds) through the midline of the patella (A) and the lateral femorotibial compartment (B) of a 22-year-old man with patellar dislocation 10 days prior. The sequences demonstrate the characteristic bone marrow edema pattern involving the inferior pole of the patella and anterior lateral femoral condyle (arrows). C, axial proton density sequence (TR = 4033 milliseconds, TE = 25 milliseconds) through the midpatella demonstrates a chondral injury to the medial patellar facet (arrow) with hemarthrosis.
In acute patellar dislocation, extracapsular soft tissue edema is typically localized at the anterior margin of the knee ( Figure 18 ) . A classic lateral patellar subluxation will result in a traumatic bone marrow edema pattern in the anterior portion of the lateral femoral condyle and the inferomedial portion of the patella ( Figure 21 ). Careful scrutiny of the images is important to distinguish a traumatic chondral shear ( Figure 22 ) from a frank osteochondral fracture ( Figure 23 ). The distinction is made by the appearance of the low signal subchondral plate at the bone-cartilage interface ( Figure 20 ) . If absent, a bone fragment has been lost with the cartilage, which may be of suffi cient size to warrant primary repair. Careful evaluation for loose bodies in the gutter, intercondylar notch, and posterior recess should also be made ( Figure 24 ) . Osteochondral fracture or chondral shear may occur either over the anterior portion of the condyle or the patella proper ( Figure 24 ) .
A study of 23 patients with patellar dislocation noted that 87% of patients had tears of the femoral insertion of the MPFL, with edema extending to the vastus medialis muscle and associated bone impaction injury ( Figure 25 ) . 37 A correlative study between MRI and open surgical evaluation of patellar dislocations in 27 knees with acute injury demonstrated that 13 of 16 knees (82%) had tears at the femoral margin. 33 Conversely, a larger study involving 81 patients noted that 67% of the 82 MRI examinations showed retinacular disruption at the patella ( Figure 24 ) and 30% in the midsubstance. 16 Fortyeight percent of examinations showed more than 1 injury site in the medial stabilizers. 16 Acute patellar dislocation in 44 children demonstrated MPFL injury, with isolated patellar detachment in 62% and at the femoral origin in only 12% (Kepler, et al, unpublished data presented at the 2010 annual meeting of the Pediatric Orthopaedic Society of North America). There is considerable variability in the location of MPFL and retinacular injury, and careful inspection of images in all 3 planes is warranted ( Figure 26 ). 
Chronic Patellar Pain
Early osteoarthritis manifests as increased signal intensity in the cartilage, sometimes associated with a superfi cial blister ( Figure 27 ). Progressive degeneration leads to loss of cartilage thickness, with subtle changes in the superfi cial layer of cartilage known as the lamina splendens ( Figure 28 ). Progressive cartilage loss may then be seen, eventually extending down to subchondral bone. Evaluation of the tidemark or cartilage-bone interface is important to discern areas of proud bone formation and sclerosis, which may have implications for subsequent repair ( Figure 29 ) .
The structural integrity of articular cartilage depends on the components of the extracellular matrix. Compressive strength is afforded by the negatively charged hydrophilic glycosaminoglycans of the proteoglycan macromolecules, and tensile strength is afforded by the long length:thickness ratio of the collagen fibrils. 31 Proteoglycan content of articular cartilage may be targeted using several magnetic resonance (MR) techniques, including sodium imaging, which is typically performed at 3 T or 7 T and which requires special surface coils suitable for evaluating the resonant frequency of sodium. 19 Owing to the special coil requirements as well as the specialized MR hardware and software requirements, sodium imaging is limited to a few research centers. Additional evaluation using delayed gadolinium-enhanced imaging of cartilage (dGEMRIC) requires a double dose of intravenous gadolinium tagged to a negatively charged salt, followed by a short period of exercise and delayed T1-weighted techniques, where T1 maps are obtained. In areas depleted of negatively charged glycosaminoglycan, there is an increased distribution of the negatively charged gadolinium salt.
Proteoglycan may also be assessed using T1 rho imaging.
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T1 rho is a pulse sequence that assesses interactions between macromolecules and free water; T1 rho has been highly correlated to histologic depletion of proteoglycan, as well as assessment of fixed charge density using sodium imaging as a standard. 44 In addition, quantitative T2 mapping has been highly correlated to the orientation of the collagen. 46 These quantitative magnetic resonance techniques permit identification of focal alterations in cartilage ultrastructure that precede morphologic loss of cartilage thickness ( Figure  30 ). Longitudinal evaluation of such patients may help to time surgical operations aimed at delaying the progression of osteoarthritis, such as patellofemoral realignment.
ConClusion
Evaluation and management of the painful patellofemoral joint in the athlete requires a thoughtful clinical evaluation including a comprehensive physical examination, standardized radiographs, and, often, advanced imaging such as MRI to evaluate the static and dynamic stabilizers as well as the articular surfaces of the joint. Newer imaging techniques provide noninvasive insight into cartilage ultrastructure, detecting early degenerative change before loss of cartilage thickness.
